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TURBO ENCODER WITH TRANSMITTER 
DIVERSITY 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention is directed, in general, to 
Wireless communications and, more speci?cally, to address 
ing multipath fading in Wireless communications through 
transmitter diversity With ef?cient encoding. 

BACKGROUND OF THE INVENTION 

[0002] In Wireless channels, Where signals can arrive at 
different times folloWing different paths, the received signals 
can experience large amplitude and phase variations due to 
the interference of the different paths. This phenomena is 
referred to as multipath fading, and the effect is a critical 
parameter for consideration in receiver design. For terres 
trial mobile telephony, multipath fading may dictate the 
entire system capacity and throughput rate. 

[0003] Wireless signals transmitted from or to a mobile 
station may be re?ected from the terrain, ?xed or mobile 
objects in the propagation path such as buildings or vehicles, 
or from a discontinuity in the atmosphere. The energy of the 
re?ected Wireless signal is not signi?cantly absorbed and/or 
attenuated, creating a plurality of different propagation paths 
for the Wireless signals betWeen the transmitter and receiver, 
referred to as multipath propagation, Which alloWs the 
Wireless signals to “bend” around corners and propagate 
beyond terrain features and objects obstructing the line-of 
sight betWeen the base and mobile stations. 

[0004] Three problems associated With multipath propa 
gation for mobile stations include (1) the delay spread of the 
received signal, (2) the Rayleigh fading in received signal 
strength caused by varying phase shifts betWeen different 
paths, and (3) the varying frequency modulation due to the 
Doppler shift betWeen various propagation paths. The fact 
that propagation paths for re?ected signals are longer than 
the direct propagation path from the transmitter to the 
receiver (e.g., from the base station to the mobile station) 
gives rise to signal delays and, because various paths lead to 
slightly different arrival times, the received signal “spreads.” 
Rayleigh fading results from differences betWeen the phase 
and amplitude of the re?ected Wireless signals relative to the 
phase of a directly propagating signal, attenuating the signal 
strength at the receiving end (e.g., reception of tWo signals 
propagated along tWo different paths and arriving With a 
phase difference of 180 degrees results in cancellation in the 
receiver). Doppler shift is caused by the movement of the 
mobile station—or a vehicle or other re?ecting object—in 
relation to the base station, such that the mean frequencies 
of both the received re?ected signal and of the directly 
propagated signal deviate from the mean frequency of the 
transmitted signal by a different amount and in a different 
direction. 

[0005] In general, multipath fading causes Wide variations 
in received signal amplitudes, and much effort has been 
expended in attempting to mitigate the impact of multipath 
fading. One suggestion for minimiZing the effects of mul 
tipath fading, set forth in the Electronics Industry Associa 
tion Telecommunications Industry Association (EIA/TIA) 
proposed standard IS-2000, employs space-time spreading 
(STS), in Which identically coded data frames are transmit 
ted on each of tWo (preferably orthogonal) channels utiliZing 

Aug. 1, 2002 

physically displaced antennas. In orthogonal transmit diver 
sity (OTD), the identically coded data streams are demulti 
plexed onto the tWo antennas. 

[0006] The underlying rationale for space-time spreading 
is that the tWo channels are unlikely to fade at the same time. 
HoWever, the transmission of identical data on both channels 
is unnecessarily Wasteful, and demultiplexing data from a 
single code rate onto tWo different antennas provides less 
than optimal performance. There is therefore a need in the 
art for improving the ef?ciency of space-time spreading 
transmit diversity in overcoming multipath fading. 

SUMMARY OF THE INVENTION 

[0007] To address the above-discussed de?ciencies of the 
prior art, it is a primary object of the present invention to 
provide, for use in a Wireless communications system, a 
mechanism for employing turbo coding together With space 
time spreading (STS) transmission to improve transmission 
error performance and ef?ciency in addressing multipath 
fading. Different subsets of parity data are transmitted via 
each antenna/channel, With either subset alone suf?cient for 
error recovery. In general, hoWever, both channels Will be 
received With some ?delity, and the parity data from the tWo 
channels is combined and decoded as a loWer code rate 
transmission. Systematic data may be transmitted on both 
channels, With or Without interleaving on an alternate chan 
nel. Time diversity may also be introduced by transmitting 
only part of the parity data Within the tWo parity data subsets, 
then transmitting the remainder if the receiver could not 
produce the correct decoding from the original transmission. 

[0008] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention so 
that those skilled in the art may better understand the 
detailed description of the invention that folloWs. Additional 
features and advantages of the invention Will be described 
hereinafter that form the subject of the claims of the inven 
tion. Those skilled in the art should appreciate that they may 
readily use the conception and the speci?c embodiment 
disclosed as a basis for modifying or designing other struc 
tures for carrying out the same purposes of the present 
invention. Those skilled in the art should also realiZe that 
such equivalent constructions do not depart from the spirit 
and scope of the invention in its broadest form. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW 
made to the folloWing descriptions taken in conjunction With 
the accompanying draWings, Wherein like numbers desig 
nate like objects, and in Which: 

[0010] FIG. 1 illustrates a Wireless communications sys 
tem employing turbo-encoding With transmitter diversity 
according to one embodiment of the present invention; 

[0011] FIG. 2 illustrates in greater detail a block diagram 
for turbo-coding With content transmit diversity in an exem 
plary Wireless communications system according to one 
embodiment of the present invention; and 

[0012] FIG. 3 is a ?oW diagram illustrating the operation 
of the exemplary turbo-coding With transmit diversity 
according to one embodiment of the present invention; 
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[0013] FIG. 4 illustrates a block diagram for turbo-coding 
With transmit diversity in an exemplary Wireless communi 
cations system according to another embodiment of the 
present invention; and 

[0014] FIG. 5 depicts a logical division of systematic and 
parity data for transmit diversity according to one embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] FIGS. 1 through 5, discussed beloW, and the 
various embodiments used beloW to describe the principles 
of the present invention are by Way of illustration only and 
should not be construed in any Way to limit the scope of the 
invention. Those skilled in the art Will understand that the 
principles of the present invention may be implemented in 
any suitably arranged Wireless communications system. 
Wireless communications system may conform With any of 
various knoWn communications standards. For brevity, a 
complete description of the structure and operation of the 
Wireless communications system Will not be included 
herein, and only so much of the conventional Wireless 
communications practices knoWn in the art as are necessary 
for an understanding of the present invention are described. 

[0016] FIG. 1 illustrates a Wireless communications sys 
tem employing “turbo-encoding” With transmitter diversity 
according to one embodiment of the present invention. 
Wireless communications system 100 includes a base trans 
mitter station (BTS) 110 and a mobile station 120 Which 
communication via Wireless signals, preferably employing 
code division multiple access (CDMA) such as, for example, 
IS-95, CDMA 2000, HDR, lXtreme or WCDMA. Although 
depicted in the exemplary embodiment as a telephone, 
mobile station 120 may be any Wireless communication 
device. 

[0017] Base transmitter station 110 includes a controller 
111 and a transmission facility 112 having transmitter diver 
sity: tWo physically displaced antennas 113 and 114 in the 
exemplary embodiment. Rather than being spaced closely 
(e.g., on the order of half a Wavelength) for array gain, 
antennas 113 and 114 are spaced far enough apart so that the 
received signals from the tWo antennas 113 and 114 fade 
almost independently, creating tWo channels. Additional 
antennas Within the transmission facility may be spaced for 
array gain With antennas 113 and 114, or for other purposes. 

[0018] A direct propagation path (not shoWn) betWeen 
base transmitter station 110 and mobile station 120 may or 
may not be available, but at least one re?ector object 130 
creates indirect propagation paths betWeen base transmitter 
station 110 and mobile station 120. As a result of the 
physical spacing, transmitted Wireless signals from antennas 
113 and 114 exhibit different received signal amplitude 
fading pro?les after propagating along those indirect propa 
gation paths. The fading pro?les should be substantially 
independent—that is, the fading pro?les may share some 
common fading regions in both channels but should differ 
betWeen the tWo channels in some discernable and mean 
ingful manner in at least one region. 

[0019] Antennas 113 and 114 transmit in orthogonal or 
nearly orthogonal channels (e.g., utiliZing orthogonal 
CDMA codes) and, unlike current proposals for space-time 
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spreading, transmit different code sequences (content trans 
mit diversity) rather than identical code sequences. To 
improve transmission error performance and transmission 
ef?ciency, the present invention employs turbo-coding of 
data packets generating independent parity information in 
conjunction With transmitter diversity through antennas 113 
and 114 as described in further detail beloW. The result is a 
combination of transmitter diversity (preferably through 
both antenna spacing and orthogonal CDMA signal coding) 
and content transmit diversity Which improves transmission 
performance, both in error rate and ef?ciency. 

[0020] FIG. 2 illustrates in greater detail a block diagram 
for turbo-encoding With content transmit diversity in an 
exemplary Wireless communications system according to 
one embodiment of the present invention. Turbo-encoding 
With content transmit diversity for transmission over a 
space-time spreading system is performed Within base sta 
tion transmitter controller 111, and includes a turbo-encoder 
200 and antenna processors 210 and 211. 

[0021] Turbo-encoding (also called “turbo-coding”) refers 
to parallel concatenated (recursive systematic) convolu 
tional coding, forWard error correction (FEC) coding in 
Which an information sequence is encoded tWice, With the 
second encoding being performed after random interleaving 
of the information sequence. Each recursive systematic 
convolutional (RSC) encoder Within a turbo-encoding 
mechanism produces parity data from systematic or infor 
mation data, Where normally only the systematic data for 
one encoder and punctured (selected bits deleted) parity data 
from each encoder is all that is transmitted in order to 
improve code rate. Decoding is iterative, With a resulting 
improvement in communications reliability. 

[0022] In the present invention, turbo-encoder 200 
receives systematic data and passes the systematic data to a 
?rst encoder 201, Which generates parity data from the 
systematic data utiliZing systematic recursive convolutional 
coding in accordance With the knoW art. The generated 
parity information for the systematic data is then passed to 
demultiplexer and puncture unit 202 to be duplicated and 
(optionally) punctured. The duplicate copies of the gener 
ated parity information for the systematic data are preferably 
punctured differently (e.g., the second copy is punctured in 
a manner complementary to the manner in Which the ?rst 
copy is punctured) to create distinct and differing parity data 
subsets (parity data subset 1 and parity data subset 2). 

[0023] The received systematic data is also interleaved 
(e.g., block interleaving, random interleaving, etc.) Within 
interleaver 203, With the interleaved systematic data passed 
to a second encoder 204 Which generates parity information 
for the interleaved systematic data, also utiliZing systematic 
recursive convolutional coding in accordance With the knoW 
art. The generated parity information for the interleaved 
systematic data is then passed to demultiplexer and puncture 
unit 205 to be duplicated and (optionally) punctured. Again, 
the tWo copies of the parity data generated for the inter 
leaved systematic data are preferably punctured differently 
to create distinct and differing parity data subsets (parity data 
subset 3 and parity data subset 4). 

[0024] The puncturing employed in creating the parity 
data subsets is selectively performed in accordance With 
knoWn turbo-coding techniques to create different parity 
data subsets Which may be utiliZed in independent combi 
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nations fur successful reception of the systematic data 
despite fading. Thus, for example, parity data subset 1, taken 
in combination With the systematic data and either of parity 
data subsets 3 or 4, may be employed to reliably transmit the 
systematic data and correct any transmission errors. Simi 
larly, parity data subset 2, taken With the systematic data and 
either of parity data subsets 3 or 4, may also be employed to 
reliably transmit the systematic data and correct any trans 
mission errors. 

[0025] Conventionally in turbo-encoding, only a single 
copy of the systematic data (e.g., the non-interleaved sys 
tematic data utiliZed by encoder 202) Would be transmitted, 
together With the (punctured) parity data generated from 
both the non-interleaved systematic data by encoder 201 and 
the interleaved systematic data by encoder 204. The present 
invention combines, With the systematic data, only a 
selected subset of parity data generated from the non 
interleaved systematic data by encoder 201 and a selected 
subset of parity data generated from the interleaved system 
atic data by encoder 204 for transmission on a given channel 
Within the transmitter diversity Wireless communications 
system. In the embodiment shoWn in FIG. 2, parity data 
subset 1 (generated from the non-interleaved systematic 
data) and parity data subset 3 (generated from the inter 
leaved systematic data) are concatenated, together With the 
non-interleaved systematic data, by multiplexer 206 for 
transmission over one channel (i.e., via antenna 113). 

[0026] Since a second, nominally independent channel is 
also available, a second subset of parity data generated from 
the non-interleaved systematic data by encoder 201, Which 
differs from the non-interleaved systematic parity data sub 
set transmitted over the ?rst channel, and a second subset of 
parity data generated from the interleaved systematic data by 
encoder 204, Which also differs from the interleaved sys 
tematic parity data subset transmitted over the ?rst channel, 
are combined by a version of the systematic data for 
transmission over the second channel. In the embodiment 
shoWn in FIG. 2, parity data subset 2 (generated from the 
non-interleaved systematic data but different from parity 
data subset 1) and parity data subset 4 (generated from the 
interleaved systematic data but different from parity data 
subset 3) are concatenated With the interleaved systematic 
data by multiplexer 207 for transmission over the second 
channel (i.e., via antenna 114). 

[0027] The concatenated codes from multiplexer 206 are 
passed to antenna processor 210, While the concatenated 
codes from multiplexer 207 are passed to antenna processor 
211. The antenna processors 210 and 211 provide orthogonal 
(or near orthogonal) signal spreading for (signal) transmit 
diversity in Wireless transmission. In the exemplary embodi 
ment, antenna processor 210 combines the concatenated 
codes received from multiplexer 206 With a ?rst CDMA 
code and passes the result for transmission on antenna 113, 
While antenna processor 211 combines the concatenated 
codes received from multiplexer 207 With a second CDMA 
code—preferably orthogonal to the ?rst CDMA code—and 
passes the result for transmission on antenna 114. The 
concatenated codes are thus separated in transmission by 
transmitter diversity through both physical spacing of the 
antennas and orthogonal coding. 

[0028] In the present invention, each antenna processor 
210 and 211 is provided With a complete set of systematic 

Aug. 1, 2002 

data (either non-interleaved or interleaved) and With differ 
ent subsets of parity information such that successful recep 
tion of complete data packets With only one channel is 
possible. If either channel should completely fade, correct 
decoding of the block is still possible With the signals 
received on the other channel. In general, hoWever, both 
channels Will most likely be received With some degree of 
?delity and/or fading, in Which case the tWo received 
channels may be combined (since the parity symbols are 
generated from the same turbo-encoder) and decoded as a 
loWer code-rate code to increase error correction capability 
beyond that Which is available by simply combining 
repeated identical transmitted bit sequences. 

[0029] For example, because parity data subset 1 (received 
on one channel via antenna 113) and parity data subset 2 
(received on the other channel via antenna 114) are differ 
ently-punctured versions of the same parity information 
generated by encoder 201, the tWo subsets may be combined 
to recreate the complete (unpunctured) parity information. 
Similarly, parity data subset 3 and parity data subset 4, 
received on different channels via different antennas, are 
also differently-punctured versions of the same parity infor 
mation generated by encoder 204. Puncturing alloWs a 
higher code-rate to be employed in actual Wireless trans 
mission, but transmitter diversity (distinct channels) and 
content transmit diversity (different parity data subsets on 
different channels) enables error correction performance 
requiring a loWer code-rate for transmission on a single 
channel. 

[0030] FIG. 3 is a How diagram illustrating the operation 
of the exemplary turbo-coding With transmit diversity 
according to one embodiment of the present invention. The 
process begins With receipt of a packet of systematic data 
(step 300), and initially proceeds along concurrent parallel 
paths (steps 301-303 and steps 304-307). One path proceeds 
?rst to generating parity data for the received systematic 
data (step 301), then duplicates the generated parity data 
(step 302) and punctures the duplicate copies of the parity 
data differently (e.g., in a complementary manner) to create 
different subsets of parity data for the systematic data (step 
303). 
[0031] The alternate path ?rst interleaves the received 
systematic data (step 304), either through block interleaving, 
random interleaving, or the like. Parity data for the inter 
leaved systematic data is then generated (step 305), the 
generated parity data for the interleaved systematic data is 
duplicated (step 306), and the duplicate copies of the parity 
data for the interleaved systematic data are punctured dif 
ferently (step 307) to create different subsets of parity data 
for the interleaved systematic data. 

[0032] Once distinct subsets of parity data for both the 
systematic data and the interleaved systematic data have 
been created, the tWo alternate paths then merge to exchange 
parity data subsets (step 308). The process then diverges 
again along concurrent parallel paths in concatenating the 
parity data With the systematic data for transmission, With 
one of the different (puncture version) subsets of parity data 
for the systematic data being combined With one of the 
different subsets of parity data for the interleaved systematic 
data (step 309), and the remaining subset of parity data for 
the systematic data being combined With the other remaining 
subset of parity data for the interleaved systematic data (step 
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310). The concatenated parity data subsets, Which are both 
independent and may be used Without the other concatenated 
parity data for error recovery, are then combined With the 
systematic data for transmission. Either the systematic data 
may be transmitted on one channel and the interleaved 
systematic data transmitted on the alternate channel, or the 
systematic data may be transmitted on both channels as 
described beloW. The process then becomes idle (step 311) 
until the next packet of systematic data is received. 

[0033] FIG. 4 illustrates a block diagram for turbo-coding 
With transmit diversity in an exemplary Wireless communi 
cations system according to another embodiment of the 
present invention. In this embodiment, the systematic data is 
transmitted on both channels rather than transmitting the 
systematic data on one channel and the interleaved system 
atic data on the alternate channel. Accordingly, multiplexer 
207 receives a non-interleaved copy of the systematic data 
in this embodiment. Interleaving of the systematic data is 
still performed, and independent parity data subsets for both 
the non-interleaved and interleaved systematic data are 
generated for mixed concatenation and transmission With the 
systematic data over the tWo antenna. In this embodiment, 
use of tWo different channel interleavers (not shoWn) , one 
each for both channels, interleaving the received systematic 
data in tWo different manners prior to generating the parity 
data Within encoder 201 and encoder 204 Would be bene? 
cial. The embodiment of FIG. 2 is less complex than this 
embodiment. 

[0034] FIG. 5 depicts a logical division of systematic and 
parity data for transmit diversity according to one embodi 
ment of the present invention. In addition to the other forms 
of diversity employed (transmitter diversity, transmit coding 
diversity, and content diversity), time diversity may be 
employed With turbo coding in the present invention, attain 
ing additional diversity by separating signals in time. In this 
embodiment, the parity data in logically divided into four 
different subsets. As shoWn in FIG. 5, the parity codes P1 
through PN generated for the systematic data S (either 
non-interleaved or interleaved) may be logically divided into 
tWo subsets of codes P1 through PN/2 and PQWZ)+1 through PN 
for transmission With the systematic data S. Different punc 
turing of the parity data as described above achieves essen 
tially the same result, except that the tWo subsets of codes 
may not contain sequentially consecutive code. 

[0035] The tWo subsets of parity codes P1 through PN/2 and 
PQWZ)+1 through PN may then be further subdivided into tWo 
subsets of codes each, for a total of four subsets of parity 
codes: P1 through PK; PK+1 through PN/Z; PQWZ)+1 through 
PL; and PL+1 through PN. TWo of the four subsets—P1 
through PK and Fag/2)+1 through PL in the exemplary 
embodiment—are transmitted With the systematic data on 
the antenna pairs. The remaining tWo subsets—PK+1 through 
PN/2 and PL,+1 through PN for the example shoWn—are then 
subsequently transmitted (Without the systematic data S) 
during a later transmission period. Subsequent transmission 
of the second sets of parity codes may optionally be condi 
tioned on Whether the ?rst transmission produced the correct 
decoding Within the receiver. For example, the transmitter 
may subsequently transmit the second sets of parity codes 
only if the transmitter receives a negative acknowledgement 
(NAK) response for the ?rst transmission. The transmit 
station may either store the systematic and parity data during 
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the interim, or may regenerate the second set of parity codes 
“on-the-?y” if required in order to save memory. 

[0036] The present invention mitigates the impact of mul 
tipath fading While improving transmission error perfor 
mance and efficiency over existing proposed solutions, and 
is Well-suited for implementation Within any CDMA system. 
By combining turbo coding With space-time spreading and 
providing independent parity information on each channel, 
the parity information received on both channels may be 
combined for decoding as a loWer code rate code, effectively 
improving spectral efficiency. The present invention intelli 
gently combines orthogonal transmit diversity and turbo 
encoding to increase mobile handset performance and sys 
tem capacity. 

[0037] It is important to note that While the present inven 
tion has been described in the context of a fully functional 
Wireless communications system and/or netWork, those 
skilled in the art Will appreciate that the mechanism of the 
present invention is capable of being distributed in the form 
of a computer usable medium of instructions in a variety of 
forms, and that the present invention applies equally regard 
less of the particular type of signal bearing medium used to 
actually carry out the distribution. Examples of computer 
usable mediums include: nonvolatile, hard-coded type medi 
ums such as read only memories (ROMs) or erasable, 
electrically programmable read only memories 
(EEPROMs), recordable type mediums such as ?oppy disks, 
hard disk drives and CD-ROMs, and transmission type 
mediums such as digital and analog communication links. 

[0038] Although the present invention has been described 
in detail, those skilled in the art should understand that they 
can make various changes, substitutions and alterations 
herein Without departing from the spirit and scope of the 
invention in its broadest form. 

What is claimed is: 
1. For use in a Wireless communications system, a system 

for turbo encoding With transmit diversity, said system 
comprising: 

?rst and second physically displaced antennas suf?ciently 
spaced to produce substantially independent fading of 
signals received from said ?rst and second antennas at 
a receiving station; 

a ?rst encoding unit coupled to said ?rst antenna, said ?rst 
encoding unit receiving systematic data and generating 
?rst and second subsets of parity data for said system 
atic data; and 

a second encoding unit coupled to said second antenna, 
said second encoding unit receiving interleaved sys 
tematic data and generating ?rst and second subsets of 
parity data for said interleaved systematic data, 

said ?rst subset of parity data for said systematic data and 
said ?rst subset of parity data for said interleaved 
systematic data forming ?rst parity data for transmis 
sion via said ?rst antenna, 

said second subset of parity data for said systematic data 
and said second subset of parity data for said inter 
leaved systematic data forming second parity data for 
transmission via said second antenna, 
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wherein either one of said ?rst parity data or said second 
parity data may be employed Without an other of said 
?rst parity data or said second parity data for error 
correction in decoding said systematic data. 

2. The system for turbo encoding With transmit diversity 
as set forth in claim 1 further comprising: 

a ?rst multiplexer concatenating said systematic data and 
said ?rst parity data for transmission via said ?rst 
antenna; and 

a second multiplexer concatenating said interleaved sys 
tematic data and said second parity data for transmis 
sion via said second antenna. 

3. The system for turbo encoding With transmit diversity 
as set forth in claim 1 further comprising: 

a ?rst multiplexer concatenating said systematic data and 
said ?rst parity data for transmission via said ?rst 
antenna; and 

a second multiplexer concatenating said systematic data 
and said second parity data for transmission via said 
second antenna. 

4. The system for turbo encoding With transmit diversity 
as set forth in claim 1, further comprising: 

a ?rst encoder Within said ?rst encoding unit, said ?rst 
encoder receiving and turbo coding said systematic 
data to generate parity information for said systematic 
data; and 

a second encoder Within said second encoding unit, said 
second encoder receiving and turbo coding said inter 
leaved systematic data to generate parity information 
for said interleaved systematic data. 

5. The system for turbo encoding With transmit diversity 
as set forth in claim 4 further comprising: 

a ?rst duplicating circuit Within said ?rst encoding unit 
coupled to an output of said ?rst encoder and receiving 
said parity information generated by said ?rst encoder, 
said ?rst duplicating circuit creating ?rst and second 
copies of said parity information generated by said ?rst 
encoder; and 

a second duplicating circuit Within said second encoding 
unit coupled to an output of said second encoder and 
receiving said parity information generated by said 
second encoder, said second duplicating circuit creat 
ing ?rst and second copies of said parity information 
generated by said second encoder. 

6. The system for turbo encoding With transmit diversity 
as set forth in claim 5 further comprising: 

a ?rst puncture unit Within said ?rst encoding unit coupled 
to an output of said ?rst duplicating circuit and receiv 
ing said ?rst and second copies of said parity informa 
tion generated by said ?rst encoder, said ?rst puncture 
unit puncturing said ?rst copy of said parity informa 
tion generated by said ?rst encoder in a ?rst manner to 
create said ?rst subset of parity data for said systematic 
data and puncturing said second copy of said parity 
information generated by said ?rst encoder in a second 
manner different than said ?rst manner to create said 
second subset of parity data for said systematic data; 
and 
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a second puncture unit Within said second encoding unit 
coupled to an output of said second duplicating circuit 
and receiving said ?rst and second copies of said parity 
information generated by said second encoder, said 
second puncture unit puncturing said ?rst copy of said 
parity information generated by said second encoder in 
said ?rst manner to create said ?rst subset of parity data 
for said interleaved systematic data and puncturing said 
second copy of said parity information generated by 
said second encoder in said second manner to create 
said second subset of parity data for said interleaved 
systematic data. 

7. The system for turbo encoding With transmit diversity 
as set forth in claim 6 further comprising: 

an interleaver coupled to an input of said second encoding 
unit, said interleaver receiving and interleaving said 
systematic data to generate said interleaved systematic 
data. 

8. The system for turbo encoding With transmit diversity 
as set forth in claim 1 further comprising: 

a ?rst antenna processor coupled betWeen said ?rst encod 
ing unit and said ?rst antenna and receiving said 
systematic data and said ?rst parity data, said ?rst 
antenna processor coding said systematic data and said 
?rst parity data in a ?rst manner for transmission via 
said ?rst antenna; and 

a second antenna processor coupled betWeen said second 
encoding unit and said second antenna and receiving 
said interleaved systematic data and said second parity 
data, said second antenna processor coding said sys 
tematic data and said ?rst parity data in a second 
manner substantially orthogonal to said ?rst manner for 
transmission via said second antenna. 

9. The system for turbo encoding With transmit diversity 
as set forth in claim 8 Wherein said ?rst antenna processor 
logically divides said ?rst parity data into ?rst and second 
portions, transmits said ?rst portion of said ?rst parity data 
together With said systematic data during a ?rst transmission 
period, and transmits said second portion of said ?rst parity 
data during a second transmission period subsequent to said 
?rst transmission period, and Wherein said second antenna 
processor logically divides said second parity data into ?rst 
and second portions, transmits said ?rst portion of said 
second parity data together With said interleaved systematic 
data during said ?rst transmission period, and transmits said 
second portion of said second parity data during said second 
transmission period. 

10. The system for turbo encoding With transmit diversity 
as set forth in claim 1, Wherein said ?rst parity data and said 
second parity data may be combined for decoding at a loWer 
code rate than decoding With either said ?rst parity data or 
said second parity data alone. 

11. For use in a Wireless communications system, a 
method of turbo encoding With transmit diversity compris 
ing the steps of: 

suf?ciently spacing ?rst and second physically displaced 
antennas to produce substantially independent fading 
of signals received from said ?rst and second antennas 
at a receiving station; 

generating ?rst and second subsets of parity data for 
systematic data utiliZing a ?rst encoding unit coupled to 
said ?rst antenna; and 
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generating ?rst and second subsets of parity data for 
interleaved systematic data utilizing a second encoding 
unit coupled to said second antenna, 

Wherein said ?rst subset of parity data for said systernatic 
data and said ?rst subset of parity data for said inter 
leaved systernatic data form ?rst parity data for trans 
mission via said ?rst antenna and said second subset of 
parity data for said systernatic data and said second 
subset of parity data for said interleaved systernatic 
data form second parity data for transmission via said 
second antenna, and 

Wherein either one of said ?rst parity data or said second 
parity data may be employed Without an other of said 
?rst parity data or said second parity data for error 
correction in decoding said systernatic data. 

12. The method of turbo encoding With transrnit diversity 
as set forth in claim 11 further comprising: 

concatenating said systernatic data and said ?rst parity 
data for transmission via said ?rst antenna; and 

concatenating said interleaved systernatic data and said 
second parity data for transmission via said second 
antenna. 

13. The method of turbo encoding With transrnit diversity 
as set forth in claim 11 further comprising: 

concatenating said systernatic data and said ?rst parity 
data for transmission via said ?rst antenna; and 

concatenating said systernatic data and said second parity 
data for transmission via said second antenna. 

14. The method of turbo encoding With transrnit diversity 
as set forth in claim 11, further comprising: 

employing a ?rst encoder Within said ?rst encoding unit 
to generate parity information for said systernatic data; 
and 

employing a second encoder Within said second encoding 
unit to generate parity information for said interleaved 
systernatic data. 

15. The method of turbo encoding With transrnit diversity 
as set forth in claim 14 further comprising: 

duplicating said parity information generated by said ?rst 
encoder to create ?rst and second copies of said parity 
information generated by said ?rst encoder; and 

duplicating said parity information generated by said 
second encoder to create ?rst and second copies of said 
parity information generated by said second encoder. 

16. The method of turbo encoding With transrnit diversity 
as set forth in claim 15 further comprising: 

puncturing said ?rst copy of said parity information 
generated by said ?rst encoder in a ?rst manner to 
create said ?rst subset of parity data for said systernatic 
data; 

puncturing said second copy of said parity information 
generated by said ?rst encoder in a second rnanner 
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different than said ?rst manner to create said second 
subset of parity data for said systernatic data; 

puncturing said ?rst copy of said parity information 
generated by said second encoder in said ?rst manner 
to create said ?rst subset of parity data for said inter 
leaved systernatic data; and 

puncturing said second copy of said parity information 
generated by said second encoder in said second man 
ner to create said second subset of parity data for said 
interleaved systernatic data. 

17. The method of turbo encoding With transrnit diversity 
as set forth in claim 16 further comprising: 

interleaving said systernatic data to generate said inter 
leaved systernatic data. 

18. The method of turbo encoding With transrnit diversity 
as set forth in claim 11 further comprising: 

coding said systernatic data and said ?rst parity data in a 
?rst manner for transmission via said ?rst antenna; and 

coding said systernatic data and said ?rst parity data in a 
second rnanner substantially orthogonal to said ?rst 
manner for transmission via said second antenna. 

19. The method of turbo encoding With transrnit diversity 
as set forth in claim 11 further comprising: 

logically dividing said ?rst parity data into ?rst and 
second portions; 

transmitting said ?rst portion of said ?rst parity data 
together With said systernatic data during a ?rst trans 
mission period; 

transmitting said second portion of said ?rst parity data 
during a second transrnission period subsequent to said 
?rst transrnission period; 

logically dividing said second parity data into ?rst and 
second portions; 

transmitting said ?rst portion of said second parity data 
together With said interleaved systernatic data during 
said ?rst transrnission period; and 

transmitting said second portion of said second parity data 
during said second transrnission period. 

20. The method of turbo encoding With transrnit diversity 
as set forth in claim 11, Wherein said steps of generating ?rst 
and second subsets of parity data for systematic data utiliZ 
ing a ?rst encoding unit coupled to said ?rst antenna and 
generating ?rst and second subsets of parity data for inter 
leaved systernatic data utiliZing a second encoding unit 
coupled to said second antenna further comprise: 

generating ?rst parity data and said second parity data 
Which may be combined for decoding at a loWer code 
rate than decoding With either said ?rst parity data or 
said second parity data alone. 


